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PERFORMANCE  OF  THE 

ST.  MARYS  RIVER  ICE  BOOMS,  1976-1977 

Roscoe  E.  Perham 

COMPARISON  OF  WINTERS 

River  flow 

Water! low  in  the  river  averaged  60,900  ft  7s 
(.  1 720  m'/'s)  in  1976-77,  whereas  it  averaged 
70.1HX)  ft  Vs  (1982  m'/s)  the  year  before  1 his 
made  the  water  level  noticeably  lower,  with 
more  rocks  and  land  showing  in  shallow  areas 
beside  the  channel 

Because  the  water  level  varies  considerably 
during  any  one  winter,  it  is  a little  difficult  to 
select  a comparable  time  for  each  winter  for- 
tunately. however,  the  water  level  records  show- 
ed that  the  same  types  of  events  occurred  during 
each  winter  even  though  the  dates  ot  the  events 
and  the  periods  between  them  were  different 
I he  time  selected  for  comparison  w as  a two-day 
period  that  followed  a note  made  on  these 
records  of  a second  influx  ot  frazil  ice  into  the 
federal  and  the  privately  owned  hydroelectric 
powerplants."  The  water  level  during  this  two- 
day  period  was  fairly  constant,  the  average  level 
for  1975-76  was  581  35  ft  (177  3 m)  and.  for 
1976-77  was  580  33  ft  (17b  m)  or  1 02  ft  (0  31  m) 
less 

Coldness 

The  freezing  index  is  probably  the  best 
reference  for  comparing  winter  coldness  This  in- 
dex is  the  number  of  degree  days  (above  and 
below  32°F)  between  the  highest  and  lowest 
points  on  the  cumulative  degree-days  time  curve 
tor  one  freezing  season  (Huschke  1959)  It  can  be 
calculated  from  the  National  Oceanic  and  At 
mospheric  Administration  (NOAA)  climatology 


INTRODUCTION 


The  St  Marys  River  ice  booms  were  designed 
and  installed  at  the  head  ot  the  Little  Rapids  Cut 
m Sault  Ste  Marie  (Soo),  Michigan  The  location 
and  general  dimensions  ot  the  two  ice  booms 
used  were  determined  through  hydraulic  model 
tests  using  a model  ship  and  a model  ice  cover 
1 he  boom  details  are  presented  in  CRRf  l Report 
77 -f.  Sf  Marys  River  ice  booms.  Design  force 
estimate  and  field  measurements  (Perham  1977) 
The  main  function  of  the  ice  booms  was  to 
stabilize  and  help  retain  the  ice  cover  upstream 
in  the  broad  Soo  Harbor  as  an  aid  to  winter 
navigation  for  this  purpose,  the  two  booms  pro- 
vided a 250-tt  wide  navigation  opening  Figure  1 
is  an  aerial  photograph  of  the  timber  booms, 
taken  looking  downstream  into  the  cut 

I his  report  describes  the  two  most  important 
aspects  ot  the  operation  o*  the  St  Marys  River 
ice  booms  during  the  winter  ot  1976-77  (the  sec- 
ond year's  operation  of  the  booms)  These  are  a 
substantially  diminished  sensitivity  ot  boom 
forces  to  the  passage  ot  ships  compared  with  the 
first  year's  operation,  and  the  sequential  break- 
ing of  the  structure  on  one  occasion  This  report 
also  presents  a comparison  of  several  factors, 
such  as  the  ice  cover,  water  levels  and  flows,  and 
degree  days  of  freezing,  between  the  first  and  se- 
cond years'  operation  of  the  booms 

The  ice  behind  the  east  ice  boom  remained 
stable  and  fixed  during  both  winters,  therefore, 
the  descriptions  ot  ice,  ship  and  boom  interac- 
tions refer  only  to  the  west  ice  boom  The  com- 
parison of  winters  applies  to  both  booms 


fiftui el  Ice  booms  at  head  of  Little  Rapids  Cut  Suu/f  *>fe  Mane  Michigan 
Jt  l December  I 'TVS  (he  west  boom  is  in  the  nghf  foreground  (/’hofograph 
courtesy  of  Detroit  District  Corps  of  fngineers  ) 


Ublr  I.  Comparison  of  ice  covers  behind  the  ice 
booms  for  the  winters  of  I1?5-’k  and  lf7fc-77. 
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Ice  cover 

In  response  to  the  c oldness  the  no  covet 
•(hove  the  booms  1 01  lin'd  earlier  it  bos >11110 
thicker  Listed  longer  and  generallv  staved 
Iro/en  to  shore  I hero  wore  onlv  two  davs  vs  hen 
•co  passed  ovot  the  booms  and  the  cpiantities 
List  wore  small  I able  I sommanres  several 
items  ol  iompanson  tor  the  no  covers  ot  the 
two  winters 


reports  for  the  months  ot  November  through 
March  the  tree/mg  indos  was  .’ItH  degree  I 
davs  ltlt>'  degree  (.  clav'l  in  tl>'t>  '7  and  l *»**«» 
degree  I davs  (***’  degree  l cfav'l  in  t‘*7S  7t> 
which  shows  that  the  winter  ot  ll>7b’7  vsas 
substantially  colder  than  the  previous  one 
Another  important  tac  tor  in  c oldness  is  the  w md 
speed  and  the  NOAA  data  showed  that  the 
average  was  slightlv  greater  in  the  winter 
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I ho  upstream  progression  ot  the  lie  tover  in 
the  little  Kapids  l lit  was  studied  as  part  ot  the 
model  study  tor  this  area  by  Aires  American 
Im  1 1475)  I he  t.i't  luiient  in  the  i ut  ensures 
that  the  i os er  forms  mainls  as  a i ollei  turn  ot  u e 
floes  and  fragments  i online  from  farther 
upstream  \(  res  American  Ini  estimated  trom 
aerial  photos  that  it  takes  on  the  average  trom 

1 1 .*  to  2 sseeks  tor  the  upstream  edge  ot  the  lit* 
i user  to  progress  trom  lake  Nnolet  up  through 
the  nit  to  the  tens  t russing 

I he  same  phenomenon  isas  studied  tor  the 
tsso  siihiet  t winters  using  Corps  ot  I ngmeers  u e 
data  tor  the  area  I he  data  are  not  prei  ise  and 
hast*  to  be  plotted  aseraged  and  studied 
laretulls  at  the  same  time  the  phssual  esents 
that  took  plait*  in  the  ml  and  upstream  ot  the 
mt  must  he  i onsidered 

lor  the  winter  ot  1475  7b  it  is  estimated  that 
the  ne  i user  progression  took  approximate l\ 

.*  weeks  and  that  the  mser  remained  in  the 
s limits  ot  the  tens  trussing  lor  about  months 
tor  the  following  winter  (147b  77)  the  i oser  pro- 
gression took  oser  5 weeks  and  the  inset  le 
rnained  near  the  terrs  i rowing  for  the  same 

2 month  period 

It  is  dittn  lilt  to  sas  how  mui  h the  i rrternm  of 
ue  progression  duration  should  be  emphasized 
m esaluating  the  performance  ot  the  booms 
During  the  first  winter  the  booms  seemed  to  he 
ot  some  benefit,  but  not  vers  mm  h Tet  it  is  im 
possible  to  proiet  t how  severe  the  situation 
might  hast*  hei  ome  without  them  Basil  alls  the 
data  induate  that  the  boom  timbers  ssert*  not 
holding  the  ne  bai  k as  well  as  thes  should  hast* 

During  tin*  ss inter  ot  147b-77.  the  ne  booms 
worked  more  as  expeited  and  maintained  a 
stable  ue  mser  But  as  Cousmeao  (1454)  ion 
eludes  it  is  usuallv  easier  tor  an  ne  cover  to 
form  and  stabilize  under  conditions  ot  severe 
coldness  than  under  more  moderate  conditions 
I his  taitor  mas  have  made  the  ice  booms  ap 
pear  to  have  overcome  their  ice  restraint 
weakness  during  the  winter  ot  |47b-77.  whereas 
thes  still  need  improving 

Shipping 

I hr*  number  of  ships  passing  through  the  Soo 
links  m 147b  77  was  about  three  fourths  that  ot 
the  previous  sear,  i e , trom  I December  through 
10  April,  there  were  1784  ship  linkages  in 
1 s»7S  7b  and.  in  147b-77.  I J80  ship  lockages,  or 
.’8%  tesver  1 he  winter  nav igation  season  was  ot 
tic  rally  i losed  on  JO  lanuars  1077.  but  in  effect 


this  was  mils  a partial  i losing  beiatise  there 
were  45  linkages  during  lehruars  and  Man  h 
I he  ses’ete  winter  londitions  seem  to  have 
reduied  the  trattu  Inn  ause.  even  during  the  nor 
mal  navigation  period  ot  December  part  ot 
lanuars.  and  April  there  were  J4%  tewer 
passages  than  in  the  pievious  year 

I he  speeds  of  J7  shi|)s  passing  through  the 
booms  were  measured  and  their  average  speed 
was  5 t>  knots  ( t 0 m s)  (A  knot  is  a n.iutu  al  mile 
tier  hour)  I he  average  speed  tor  the  1 fastest 
passages  was  8 7 knots  (4  5 m s)  and  tor  the  t 
slowest  t 4 knots  (1  8 ill  s) 


SHIP  EFFECTS 

Noticeable  events 

Passing  ships  upset  the  equilibrium  ot  the  ue 
cover  above  the  booms  very  tew  tunes  All 
noticeable  eltects  were  limited  to  the  west  ice 
boom  and  its  ice  cover  whuh  lie  between  the 
ship  trai  k and  the  southerly  shore  ot  Soo  Mar 
bor  Most  ot  the  lorn*  i hanges  that  registered  on 
the  recorder  i harts  were  very  small  and  were 
probably  due  to  ship  mduied  waves 

On  4 lanuars  77  and  10  March  77.  passing 
ships  probably  contributed  to  the  breaking  tree 
trom  shore  of  the  ice  cover  1 he  tones 
generated  in  the  boom  structure  on  those  dates 
however  were  not  high  The  maximum 
measured  tori  t*  in  i able  Cl  W was  1 1 000  Ibt  1 1 47 
kN)  on  the  date  ot  the  first  event  and  1 ‘1.500  Ibt 
187  kN)  on  the  date  ot  the  second  event  I he 
main  cause  ot  the  ditterence  in  tones  was  pro 
bahly  the  wind,  whuh  was  westerly  at  IJ  knots 
lb  2 m s)  in  the  tirst  case  and  easterly  at  8 knots 
14  2 m s)  in  the  second 

I he  ice  broke  tree  trom  shore  a thud  tune  ap 
parentis  trom  natural  causes  and  because  ot  a 
sequence  ot  events  involving  a ship  and  other 
factors  dost  nhed  in  the  follow  mg  text  the  ice 
boom  broke 

Discussion 

Little  i an  be  said  about  the  ettei  ts  ot  ships  on 
the  ice  i over  and  u e booms  during  the  w inter  ot 
|47b-77  I he  good  bond  that  the  lie  cover  had 
with  the  shoreline  and  the  strength  ot  the  ice 
cover  allowed  it  to  protei  t the  u e boom  most  ot 
the  time  1 he  addition  ot  sensors  toi  measuring 
water  level  i hanges.  (low  velocity  i hanges  and 


i 


I t 

H 5«.tOO't, 


CM* 


1 S 

T 

s.rooifc, 

(?3« 


ClW 


jr+ 


-|  v- 

27,200  <W  c^o 

<l*fbWT  P 

1 


hltuw  2 Copy  ot  'inn.il  traces,  JO  l.mu.iry  1977. 


Tabic  II.  Average  forces  in  the  west  ice  boom 
in  early  winter  1976-77  for  selected  periods. 
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vertu  ,il  movements  in  the  ice  would  help  to  pro- 
vide data  each  year  on  several  of  the  changes 
that  take  place  w hen  ships  pass  and  would  make 
this  aspect  ot  the  study  more  meaningful 


MEASURED  FORCES 

Method 

The  measurement  system  is  described  in  last 
year's  report  by  Perham  (1977)  and  in  a prev  ions 
report  by  Perham  (19741  Anchor  cable  forces 
were  recorded  on  strip  chart  recorders  Copies  ot 
some  signal  traces  tor  the  T1W,  1 TW.  and  T2W' 
systems  are  given  in  Figure  2 T1W  measures 
forces  in  anc  hor  line  ClW,  1 2W  measures  ton  es 
in  C2 W.  and  l IW  measures  forces  in  C TW 


Early  winter 

Representative  values  ot  forces  measured  in 
the  west  ice  boom  early  this  winter  are  given  in 
1 able  II  During  this  period  the  ice  cover  is  nor- 
mally unconsolidated  or  fragmented  The  values 
are  averages  tor  three  different  three  day 
periods,  they  are  much  smaller  than  the 
estimated  design  tones 

A tac  tor  ot  greater  significance*  than  the  force 
level  may  be  the  relative  values  of  forces  be 
tween  structural  members  I he  values  m anchor 
line  C2W  were  expected  to  be  nearly  the  same  as 
those  in  ClW  but  they  were  much  lower  and 
even  zero  during  two  periods  1 he  v alues  in  C l\\ 
were  expected  to  be  a small  fraction,  approx 
imately  one-sixth,  ot  those  in  ClW,  but  the 
average  fraction  turned  out  to  be  one-third  or 
about  twice  as  much  as  expected  Apparently 
the  ice  cover  was  solid  or  nearly  so  most  ot  time 
The  mechanisms  whereby  the  above  differences 
can  develop  are  described  later  in  the  discus 
sion 

Remainder  of  winter 

Most  of  the  remaining  noteworthy  or 
representative  force  activity  in  the  west  boom 
took  place  during  the  event  of  20  lanuary  1977 
The  forces  measured  on  this  date  are  given  in 
Appendix  A It  should  be  noted  that  early  in  the 
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Figure  i.  Head  of  Little  Rapids  Cut  showing  ice  cover  behind  west  boom 
(upper  lelt  arrow ) cracked  free  from  shore  Right  arrow  indicates  east 
boom 


afternoon  of  that  day  the  relationships  between 
fort  es  in  anchor  lines  C1W.  C2W.  and  C3W  were 
similar  to  those  described  above 


SEQUENTIAL  BREAKING  OF 
THE  STRUCTURE 

Brief  description  of  event 

Late  in  the  afternoon  of  20  january  the  ice 
behind  the  west  ice  boom  cracked  away  from 
shore  in  a manner  almost  identical  to  that  shown 
in  the  upper  left  of  Figure  3,  a photo  taken  last 
year  That  night,  at  about  2050  hours,  while  a 
large  ore  carrier  was  moving  downstream  in  the 
ship  track  well  above  the  bend,  also  shown,  the 
shore  anchor  chain  of  the  west  boom  broke  with 
a loud  noise  and  approximately  500  ft  of  ice 
cover  passed  through  the  boom  location  The 
line  of  timbers  remained  connected  to  the 
upstream  anchor  but  it  moved  out  into  mid- 
stream, partially  blocking  the  opening  The  ship 
stopped,  backed  up.  and  tied  up  near  the  Soo 
locks  at  2310  hours  The  Soo  Area  Office  person 
nel  and  eouipment  repaired  the  ice  boom,  com- 
pleting mcst  of  the  work  by  the  evening  of  22 
lanuar”  That  night  the  last  four  ships  — the 
Callaway,  Blough,  Clarke  and  Doan  Transport  — 
went  downstream  without  incident 


Boom  component  identification 

Figure  4 is  a plan  view  of  the  west  ice  boom,  it 
shows  the  locations  of  parts  of  the  structure  that 
are  discussed  Each  component  is  identified  by 
function,  number  and  general  location,  for  ex- 
ample, the  set  of  symbols  A4W  identifies  anchor 
point  number  4,  on  shore,  of  the  west  boom  The 
numbers  used  in  the  report  are  shown  in  f igure  2 
The  letter  C refers  to  anchor  lines,  B refers  to 
boom  sections,  and  T refers  to  tension  links 

Previous  conditions 

During  the  previous  week,  the  ice  cover 
behind  the  west  ice  boom  was  solid,  about  12  in 
(0  3 m)  thick,  and  frozen  fast  to  shore  Only  a few 
ships  passed  through  the  ice  boom  and  none  had 
any  noticeable  effect  on  the  ice  cover  Two 
elevation  sighting  poles  were  set  into  the  ice  on 
19  lanuary  to  observe  ice  elevation  changes 
caused  by  the  last  ship  passages  of  the  naviga- 
tion season 

The  temperature  was  relatively  warm  on  20 
lanuary,  about  20°F  (-5°C).  A thorough  check 
of  the  condition  of  the  force  sensing  and  record- 
ing systems  was  completed  that  morning  All 
measuring  units  in  the  west  ice  boom  structure 
were  found  to  be  properly  adjusted  and  in  good 
operating  condition 

At  approximately  1630  hours  on  20  lanuary. 
the  ice  upstream  of  the  west  boom  cracked 
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along  the  shoreline  It  pulled  away  from  shore, 
i renting  an  open  water  gap  about  20  ft  ((>  1 m) 
wide  I hero  was  no  apparent  reason  tor  the 
t rni  k About  1MX)  hours  the  US  Corps  of 
I ngineers  Ifydrograph  lo<  «ite<l  upstream  rn 
dilated  that  the  water  level  was  dropping,  but 
the  total  i linnge  w.is  a little  over  an  ini  h in  two 
hours  I lowever.  similar  i bailees  had  taken  plat  e 
the  previous  week  without  .1  noticeable  effect 
on  the  ne  lover  Wind  reiords  show  that  the 
wind  was  1 aim,  or  nearly  so.  m the  morning  and 
in<  reused  to  .in  average  of  about  ft1 1 knots  (4  4 
m s)  from  a northwesterly  direction  later  in  the 
afternoon 

Recorded  force  changes 

the  measurement  systems  militated  that 
tori  es  started  to  ini  rease  at  about  I 111  hours  on 
20  (unwary  in  both  the  ('  1 W and  the  ( tW  am  hor 
lines  (inure  2 shows  the  signal  traies  tor  the 
west  boom  at  that  time  and  later  1 he  tone  in 
1 reused  rapidly  in  the  ( tW  1 able  from  r>,7(X)  Iht 
(2r>  kNi  until  it  real  bed  a level  of  l‘t,()(M)  Iht  ( 1 7 f 
kN)  at  about  1(i0l>  hours  I he  signal  level  in  ( tW 
then  plummeted  to  zero,  wltu  h indu  ated  that 
some  part  of  the  line  broke  at  that  time 
However,  the  measuring  ciriuit  was  still  intact 
and  operating 

During  the  same  period,  the  signal  from  the 
('IW  table  showed  that  its  tone  increased  from 
1 7.000  Iht  (7t>  kN)  to  28,100  Iht  (127  kN)  at  the 
time  ol  C IW  table  separation  1 he  tone 
dropped  almost  to  the  previous  level  and  then 
1111  reaseil  to  a peak  ol  1 ),000  Iht  ( 147  kN)  at  1 1>  1 1 
hours  I bis  peak  was  followed  by  a gradual  ton  e 
redui  turn  to  27.200  Ihf  (121  kN)  over  the  next 
two  hours 

lories  in  the  ( 2W  table  were  almost  unat 
tei  ted  by  the  above  ,11  tivity  I bey  remained  .0  a 
level  of  about  r>,000  Iht  (22  kN)  exi  epl  for  a 
period  of  approximately  one  quarter  of  an  hour 
before  and  after  the  1 IW'  signal  drop  when  it 
was  ri()(X)  I bf  (24  0 kN)  An  11  e londition  sketch 
for  17  10  hours  showed  lateral  1 ra<  ks  in  the  lie 
mver  upstream  MX)  400  ft  (01  122  111)  from  the 
west  boom  1 lie  (one  level  gradually  increased 
about  1.2(H)  Ibl  (K)ti  kN)  at  HIM)  hours  I he  ai 
tompunying  note  found  on  the  recorder  chart 
was  "Mackinaw  downbound  HI  11  " 

Alter  the  Mackinaw  went  downstream,  the 
force  systems  gave  constant  level  readings  tor 
about  2 hours 

At  1041  hours  the  ore  1 arrier  Roger  lllougb  left 
the  I’oe  link  downbound  I he  wind  conditions 


had  been  t aim  all  day  but  at  about  2<HH)  hours  a 
gentle  wind  arose  from  the  northwest 

At  2027  hours  the  fori  e level  in  the  ( 1 W 1 able 
started  to  mi  rease  It  rose  to  1 1,000  Iht  (111  kN). 
then  dropped  and  varied  somewhat,  and  seemed 
to  stabilize  at  2(>,000  Hit  (1  Hi  kN)  A note  on  the 
rei  order  1 hart  at  approximately  20  M)  hours  read 
"lie  movement  ahead  of  the  Roger  llloiigh 
downbound  " 

At  2010  hours  larger  tori  es  and  ton  e Hut  tua 
lions  were  applied  tol'IW  less  than  2 minutes 
.liter  tins  the  forte  level  in  ( 2W  1111  leased  very 
rapidly  I he  l 2W  force  went  up  to  12,000  Iht 
(2  11  kN)  and  then  dropped  to  7 100  Hit  ( 12  kN)  At 
the  same  time  the  force  in  ( IW  dropped 
momentarily  to  11,100  Ihf  ((>‘1  kN| 

1 he  tone  level  in  1 able  ( IW  varied  ap 
prei  i.ibly  and  rapidly  after  2011  hours  but 
generally  ini  leased  to  H7.000  Hit  ( 1117  kN)  at  2102 
hours  1 he  lone  level  in  ( 2W  remained  low  and 
ini  leased  a little  to  10.0(H)  Iht  (44  1 kN)  at  2102 
hours  At  this  tune  the  tone  111  ('IW  dropped 
rapidly  to  about  2, 1(H)  Iht  (•)  H kN)  I be  ettei  I on 
table  C2W  was  slight  but  not  11  e.ihle 

Atlei  this  01 1 urreni  e.  the  Ion  es  still  varied  m 
(.  IW  and  C2W  tor  approximately  one  half  hour 
these  variations  were  probably  due  to  u c*  inov 
ing  over  remaining  parts  of  the  boom  1 he  max 
linum  ton  e in  ( 1 W during  tins  period  was  1 1 000 
Iht  (41)  kN),  the  force  level  stabilized  at  4,(100  Iht 
(21  kN)  I lie  maximum  force  111  ( 2W  was  27.000 
Ihf  (120  kN).  the  tone  level  stabilized  at  7,100 
Iht  ( 1 1 kN) 

I he  measurement  systems  luiu  tinned  1 orrei  I 
ly  during  the  period  of  failure 

Broken  elements 

While  repairing  the  11  e boom,  the  wink  1 rew 
found  several  steel  strut  turul  items  broken 
1 hose  items  and  the  specified  load  1 allying 
capacity  of  each  are  listed  in  I able  III.  but  the 
1 ondition  of  eai  h just  prior  to  its  breaking  is  not 
known  and  laretul  evaluation  of  the  metal  and 
the  resultant  fracture  patterns  lias  not  been 
made  I or  1 omparison,  the  sizes  and  strengths  ol 
the  wire  ropes  used  in  series  with  these  items  are 
also  shown  111  the  table 

( IW  broke  at  the  oval  link  near  the  function 
plate  at  the  water  surface  I he  link  split  in  the 
smaller  radius  at  one  end 

At  the  A4W  am  hor  point  the  load  is  1 .lined  by 
a stud  link  chain  of  1 ’ < in  (4  4 1 niHliam  slot  k 
One  of  the  links  broke  in  two  plains  I he  largei 
remaining  sei  lion  was  found  to  have  a slight 
lateral  bend  ol  about  '/,»  in  (0  1 1 m) 


Table  III.  Selected  component  strength*  of  three  anchor  line  iitrmhliri. 
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hituit'  -I  Plan  of  west  »«•*»  boom 


I he  fourth  (tom  tound  hrokon  was  ,i  nunoi 
connet  tor,  an  attat  hmont  plato  on  tlio  timhoi 
nearest  shore  I he  plato  was  torn  oil  laterally 
probably  l»y  tin*  It.’VV  no  hoom  t ahlo  oinloi 
Koiiik  load  release  movements  attor  tin*  am  hot s 
i ham  hroko 


DISCUSSION 

Significance  of  maximum  force* 

I ho  lif'l  am  hor  lino  break  onurrod  in  (IVV 
who  h w..s  i onnoi  tod  to  tho  samo  |iin«  tion  plato 


as  ( t W ll  ik  -II  I hoio  wax  a ptonouin  od  , haiiKo 
m tho  ton  o lovol  ot  ( 1V\  as  a result  ol  this  o\ont 
Sim  o tho  othoi  two  am  hot  lino  assomhhos  that 
luoko  woro  not  instrumented  it  is  dilln  lilt  to  sav 
whon  they  tailed  llowovoi  ono  ol  thorn  i IVV 
shared  a iiimtion  plato  with  tho  mstmmontod 
lino  („’VV  and  it  tho  tone  in  ( IVV  t haiiKod 
substantially  it  lould  ho  exported  that  this 
would  allot  t tho  siKnal  lose!  m ( .’V\ 

I ho  poak  Ion  o level  ol  1.’ (MM)  Ih  (J  1 1 kN)  in 
(.’VV  at  .'OS  l horns  seems  to  mdn  ale  the  time 
that  (IVV  htoko  llowovoi  a similai  poak  ol 
It'. 000  Ih  1 IB?  kNl  that  developed  in  l l\\  at  .M0.’ 
houis  toiild  have  boon  lolatod  to  tho  shoio  an 
i hoi  luoak  om  opt  that  it  happened  at  a dittoiont 
time  I ho  Iok  hook  kwos  tho  time  lot  a loud 
noise  assoi  latod  with  tho  hioakuiK  ot  tho  stun 
lure  as  .'OStl  hours  AssummK  that  the  shore  an 
v hoi  luoko  at  .’0MI  houis  tho  no  voulil  stall 
moving  and  i aiiso  (MW  to  hroak  at  JOS  V houis 
as  unfit  atod  hv  ( .’VV  tones  I his  mdn  atos 
thoiotoio  that  tho  ant  hoi  t ham  was  tho  sot  ond 
item  to  luoak 

An  alternative  possibility  toi  tho  ( .’VV  lone 
(leak  is  that  tho  poak  was  duo  to  tho  no  at  Iiiik 
only  on  the  lloat'  attat  hot)  to  tho  iiim  turn  plato 
t tvnnot  Iiiik  C JV\  anti  ( t\\  t'twsihlv  tho  (IVV 
assembly  hroko  oailiot  anil  tho  ot  t urront  o wont 
unnotucd  hotaii'o  the  V .’VV  assembly  soomotf 
Unite  insensitive  to  tone  t haiiKos  in  tho  tost  ol 
tho  stun  tin o until  .’010  houis  I he  toason  lot 
this  msonsitiv  it\  is  hchovcd  to  ho  duo  to  tho  wav 
tho  n e i over  tho  shoieline  and  the  n o hoom  in 
tetai  tod  at  a ninth  eat  hot  date  this  intoiattion 
will  ho  dist  ussotl  in  the  nest  set  turn 

I ho  Ion  os  in  t IVV  attoi  .’0M)  houis  woro  ptoh 
ahlv  duo  to  it  o at  Iiiik  on  the  laige  lloat  suppott 
iuk  ( IVV  at  tho  suMai  o I ho  ship  was  still  nun  ii>k 
tluouKh  tho  it  o at  that  time  and  its  at  tiv  it\  pi  oh 
ahlv  also  allot  toil  the  loadings  ot  tho  tones 
When  tho  ship  stopped  is  unicrtain  l he  poak 
load  ot  It?  000  Ih  ( IH?  kN)  in  ( IVV  at  .MO.'  houis 
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figure  S Hi ok  on  nr  behind  thr  w «»s f nr  boom 


.nul  the  rapid  drop  that  followed  .lie  thought  t»» 
be  due  to  ni'  pushing  on  the  tlo.it  until  it 
submerged  w heieupon  tin-  u r t oulil  easilx  slide 
over  it 

l(t*.  shore.  and  limini  interaction 

lho  mtoi.H  tion  between  tho  lie  tin1  shoreline 
and  llio  no  I'ooni  i.in  best  bo  » haiai  teri/ed  as 
i omplox  1 lie  data  obtained  and  obsenations 
made  thus  tai  in  this  limited  stud\  are  not  sutti 
» lent  to  t ii 1 1\  explain  what  was  going  on  I he 
otigmal  design  lepoit  (I’eiliam  l'17*|  should  he 
teteried  to  toi  an  understanding  ot  how  the  un 
i onsolidated  u e » ovei  wax  expei  ted  to  mlei.n  t 
w it h the  n e boom 

I he  tone  levels  measured  in  the  west  it  e 
Intom  were  w it  hut  expet  ted  x allies  as  mentioned 
earlier  but  the\  were  often  not  distributed  in  the 
strut  tine  as  expei  ted  that  is  the  tone  level  in 
t HV  was  niton  higher  than  expet  ted  in  relation 
to  the  ton  e level  ml  l\\  at  t onespondmg  times 
Also  the  ton  e then  in  l J\\  was  otten  lowei  than 
expei  teil 

A stnmg  I .it  toi  m this  distribution  max  be  the 
lination  tit  the  boom  I he  oiigmal  t alt  illations 
ignored  the  present  e ol  the  shoreline  bet  .mxe 
the  haihor  was  veiv  wide  and  the  it  e tint's  weie 
not  t'xpet  let!  to  an  h at  rosx  the  harbor  at  an\ 
point  near  the  boom  Mow  ever  the  one  ntation 
and  loiation  ol  the  west  boom  probablx  give  it 
some  ot  the  t hai.it  teiistu  s ot  a shoiehne  At 


least  it  seems  to  it'i  t'lvt'  pail  ol  the  lateial  ton  es 
prodiu  t'd  bx  the  in'  an  lung  phenomenon  as 
dist  usst'd  m the  design  n'poit  (I’t'iham  l‘i ' ’I 
Another  te.ison  toi  the  unexpet  ted  load  pat 
terns  max  have  been  the  prevent  e ot  huge  u 
i t'gn  I .ii  I v shaped  piei  es  ol  u e sin  h as  the  one 
shown  in  I iguie  r>  Vn  h a piei  e loulil  lotate 
about  the  shoreline  like  a met  hanii  al  t am  ami 
load  up  onlx  a small  set  turn  ol  the  boom  oi  a 
l ii nt  turn  tloat  A point  loading  like  this  has  no 
t ont'lation  with  the  theoix  ust'tl  vxhu  h assumetl 
that  the  load  would  be  evenlx  distributed 

should  a sol ul  n e tovei  begin  to  move  ovt'i 
tht'  boom  while  simultaneouslx  sliding  along  tin' 
shoiehne  it  mav  eniountei  a pu>tiusion  whnlt 
i .uises  it  to  move  snlt'wax'  Sut  h a piotmsion  is 
shown  at  the  let  I i entei  ol  I igute  r<  be  set'ins  to 
toilet  t natuialli  and  solnldx  at  the  (tend  m the 
shoreline  anil  when  the  photo  was  taken  it 
presented  a tamp  angle  ot  about  .’0"  to  the 
moving  ne  An  evaluation  .it  the  stiuttui.il 
toil  t's  unilei  these  t lit  iimslani  ex  t oulil  unlit  alt' 
that  the  tones  weie  oiiginating  on  lain) 

Anothei  t.n  toi  making  the  situation  less  than 
ideal  is  alsi>  lelated  to  the  same  beml  isee  I ig  t 
and  41  I he  bend  w oulil  tend  to  piotei  I the  shoie 
eml  ot  the  boom  set  lion  ll.’W  liom  ue  piessuie 
and  t hange  the  duet  turn  ol  tension  at  tht'  an 
i hoi  point  I he  t hange  would  piohahlx  not  In' 
great  but  held  measurements  have  not  been 
made  to  ev  aluate  it 


Tahir  IV.  EilinMtfd  loads  in  the  anchor  linos  of  an  icc  boom  structure  resulting  from  the  movement  of  an  ice  cover 
frozen  to  its  timbers. 
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I astly  ,t  large  k i'  shoot  breaking  froo  from 
shore  (I  i«  would  fontl  to  rot.tto  about  tho 
shorolmo  at  ot  near  tho  boom  and  im  roaso  tho 
loatl  in  ( IW  in  (lattu  ular 

A rough  ostimato  ot  the  movement  possible  in 
the  diroi  tion  ot  l IW  t an  lie  made  troni  tht>  ratio 
ot  lengths  as  in  leverage  t alt  illations  (' tVV  is 
about  100  tt  CH)  I m)  upstream  ot  the  bend  in  the 
shoreline  and  tho  no  cover  tan  teat  h upstream 
over,  sa\  7000  tt  (2110  mt  It  tho  ship  trai  k is 
ile.tr  and  lit)  tt  (It  I m)  wide  when  the  rover 
breaks  tree  tho  it  o at  l IW  t ould  tt'iul  tti  move 
out  4 7 tt  (1  42  m)  1 his  is  at  tually  more  strott  h 
than  is  net'tletl  to  break  the  line  ( alt  illations  in 
tin  ate  further  that  the  breaking  level  tit  forte 
tan  lie  developed  by  this  no  t over  lover 

Force  estimate 

I wti  tit  tho  ant  hor  lint*  assemblies  that  broke 
were  not  instrumented,  anil  it  seemed  advisable 
to  try  to  estimate  tho  levels  ot  forte  present  in 
them  when  tho  breaks  octurrod  I lit*  lie  cover 
was  assumed  to  be  solid  at  the  time  ot  tho 
breaks  anti  tro/en  tirmly  to  tho  it  o boom  timbers 
even  though  it  hail  cracked  away  from  shore 
Also  the  it  e i over  was  assumed  to  move  in  the 
same  nonet  a I thret  turn  as  the  upstream  shore- 
line in  the  vit  inity  ot  the  boom,  or  1 tb°  I he  ice 
boom  plans  nave  the  lot  ation  ant)  orientation  ot 
each  no  boom  component  and  the  shoreline 
(I  iK  4)  the  individual  components  wort*  also 
well  described  bv  the  plans  and  their  load 
tleflet  tion  t harat  tenstu  s were  t alculatod 

Ihe  most  difficult  part  was  estimating  the 


eloiiKatmn  t harat  tenstu  s ot  the  author 
assembly  at  the  shore  author  point  A4W  lilt* 
main  ant  hor  was  lot  ated  about  220  tt  (t>7  mt  on 
shore  anti  was  iiinneited  to  the  ice  boom  by 
leiiKths  tit  2 0 in  (ri  1 tin)  and  1 ' « in  (4  4 t mt 
stud  link  author  chain  in  series  tin*  chain  was 
hunt'd  and  some  ot  the  till  material  may  have 
become  tro/en  In  any  t ase,  the  chain  is  ninth 
stittei  than  the  aut  hor  lines  in  other  lotations 

In  addition,  t lit'  tone  comes  to  the  chain 
thiouKh  a 1V,  in  (t  tcmtdiam  wire  lope,  boom 
set  tion  H2VV  Ihe  wire  rope  usually  follows  tilt* 
curve  ot  the  ite  boom  and  tail  be  pulled  into  a 
straighter  line  under  loatl  Its  displacement 
would  then  he  Kreater  than  its  tensile  properties 
would  indit  ate 

In  the  analysis,  several  possible  values  tor 
shore  author  stillness  were  tried  until  a tom 
lunation  ot  tort  es  was  found  that  was  fairly  i on 
sistent  with  the  tones  that  were  measured 
table  IV'  summarizes  the  strut  tural  t harat  tens 
tit  s and  the  calculated  ton  es  I hi*  tone  ot 
1 rit),lXKt  Ibt  (t>t>7  kNt  on  the  it  e mver  is  a rtniKh 
estimate,  tin*  flow  conditions  were  very  mild  on 
20  lanuary,  hut  the  st/e  of  the  solid  ite  cover 
was  mut  h greater  than  oriKinally  espei  ted  1 lit* 
analysis  also  assumed  that  the  structure  bait  no 
loads  in  it  when  the  t onditions  were  applied  I he 
very  stitt  spruiK  rate  (force  elongation  ratio)  in 
du  ated  tor  A4W  produi  ed  the  most  i (insistent 
results 


fi 
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Explanation  of  con 

In  case  I liable  IV)  >ill  ot  the  am hot 
an*  intact  I he  Ion  t'  l*»\  «*l n are 
roughly  the  Nil  me  lor  p,nh  assembly  pm  t‘|il  lor 
MW  where  they  .rn>  mut  b greater  I hr-  tines 
pet  toil  lonrlition  here  is  I hr'  tones  in  tin'  ( IV\ 
ami  I'iW  lint's  whuh  are  roughly  at  th»*  same 
level  as  thosr>  in  ( IW  and  ( iV\  I Iipsp  first  two 
linos  art*  ost'r  twin*  as  strong  as  the  latter  Isee 
lablt'  III)  thus  tilt's  art'  tapahle  ot  supporting  a 
ninth  larger  portion  ot  thf  loads  I his  tout' 
It'st'l  howt’st'r  is  tonlrollt'd  by  tin'  stittnoss  ot 
tht<  lint's  anti  thou  dirt'ttmn  or  orientation  with 
rt'spt't  t to  rtf  movement  It  tht*  diret  Iron  ot 
tort  o trtun  tht'  no  tovt'i  shtiultl  change  and  bo 
t lovely  aligned  with  ( l\\  anti  t 2W  tht'  lorn' 
It'vt'ls  would  then  hr*  more  proportional  to  tht' 
strength  ot  oat  h assembly 

In  t a so  ( IW  is  broken  Iho  shore  author 
tort  t*  has  nit  reased  anti  tht'  lo.it)  in  the  remain 
mg  linos  has  nit  roast'd  similar  l\  Iho  load 
tabulated  tor  C IW  is  lower  than  that  measured 
alter  the  break,  but  the  t alt  ulatt't!  load  tor  (JW 
is  mm  h higher  than  its  measured  s .litre  I he  lat 
ter  measurement  remained  at  about  S _'00  Ibt  U*  t 
kN)  most  of  the  time 

I he  constant  v ot  the  lone  on  c 2\\  seems  to 
militate  that,  tor  some  reason  or  other  this  line 
was  not  supporting  the  boom  therefore  it  was 
dot  iiled  to  t alt  ulate  the  ton  es  lor  t ase  I whit  h 
assumed  that  somehow  the  l »’W  lint'  was  mailt' 
ineffective  in  addition  to  the  l IW  lines  being 
broken  1 his  t ase  gave  a better  correlation  with 
the  measured  tones  than  the  previous  tase 

I he  moving,  broken  it  e seems  to  interai  t w ith 
the  shoreline  and  the  boom  to  make  (' 2 W met 
let  live  tor  small  it  e t over  movements  It  would 
probablv  do  this  in  one  or  more  ot  the  ways 
tlt'st  ribetl  earlier  under  the  sublet  t ot  inter, it 
lions  lor  example. a large  it  e tloe  totiltl  push 
upon  the  floats  at  the  |unt  Iron  ot  ( JW  anil  l IW 
anti  move  them  farther  out  into  the  t hannel  1 he 
Itint  turn  point  wotiltl  move  lit  an  art  controlled 
by  l IW  (see  I ig  I),  and  relieve  the  load  in  l'2W 
I he  ue  could  then  treere  solid  anti  at  the  same 
time  tree/e  to  the  timbers,  thus  living  this  tom 
bination  ot  positions  m plate 

I wo  other  items  should  be  pointed  out  in  t ase 
l I he  first  is  the  load  in  A4W  Its  magnitude  is 
nearly  the  same  as  the  load  from  the  ue  sheet, 
yet  the  other  two  lines  also  t arty  appret  table 
brads  I he  main  reason  tin  this  apparent  anoma 
ly  is  that  bet  ause  the  lines  are  not  oriented  to 
i any  this  partu  ular  load  most  ettii  ientl>  only  a 
portion  ot  their  tension  restrains  the  ice  Iheo 


yet  tor  sum  however  et|uals  the  it  e loatl  I he 
set  ontl  item  is  the  estimated  it  t*  sheet  move 
men  I ot  8 ‘t  in  |0  2 I ml  Although  this  seems  to 
be  a rather  small  displat  entent.  it  is  all  that  is 
needed  to  develop  the  fort  e t ombination  show  n 
tinder  these  ideali/etl  t irt  umstaru  es 

(ase  4 assumes  that  the  shore  author  has 
broken  and  that  the  ue  is  being  restrained  by 
( IW  ( »’W  antic  IW  I he  t ombination  ot  ton  es 
shown  is  in  tail  agreement  with  those  measured 
shortly  alter  the  short*  ant  hor  break  was  heard 
I he  breaking  ot  both  am  hot  tonnet  turns  must 
have  agitated  tht*  boom  spot  tore  anti  probably 
i ausetl  several  timbers  to  t rat  k tree  Irom  the  it  e 
sheet  More  i asps  totiltl  he  tabulated  but  the 
various  met  hamsms  and  situations  that  intlu 
eni  ed  tht*  breaking  <1  the  boom  seem  to  have 
been  pointed  out  anti  evaluated  suttu  lently 

Effect  of  chip  passage 

As  mentioned  earlier  a note  on  the  ret  order 
t hart  read  Mackinaw  downturn  nil  18  11 
meaning  that  it  passed  through  the  it  e booms  at 
181!  hours  1 he  Sou  I ot  k data  show  that  the 
M.wkinaw  lot  keel  out  downhound  at  1810 
hours  lire  ship  must  have  prnteeded  illicitly 
downstream  front  tire  links  and  through  the  it  e 
boom  opening  at  a speed  averaging  t<  knots  |t  I 
m s)  or  more 

Iht'  total  tint  tuation  in  tone  t aused  by  the 
ship  was  not  great  about  I l tXH>  Ibt  I he  impoi 
tant  tailor  however  is  that  tht*  Matkinaw  s 
passage  through  the  Sou  Harbor  ue  covet  was 
sensed  by  the  u e boom  tone  instruments  tor  a 
period  ot  about  IS  minutes  before  the  Mai  kinaw 
emerged  thiough  tht*  boom  opening  I his  is 
roughly  analogous  to  travelling  two  thuds  ot  the 
distance  between  the  two  points  at  the  above 
average  speed  or  approximately  the  distant  e 
between  the  I dison  Sault  I let  tin  Plant  and  the 
ice  boom  In  other  words  a ship  that  tame 
i lirsei  to  the  it  e boom  than  this  t mild  attei  t the 
loading  on  the  boom  under  these  londitions 

Effect*  of  ship,  ice  and  shore 

Iht'  tratks  not i ted  in  the  lie  tover  at  I ' !(> 
hours  make  it  dittuult  to  estimate  the 
met  hanrsm  whereby  the  ue  tover  totiltl 
develop  the  ton  es  i arising  failure  in  the  ant  hoi 
chain  It  must  be  assumed  that  the  ue  tones 
t ause  the  sheet  to  at  t as  a unit  ey  en  w hen  t rat  k 
ed  I he  most  plausible  met  hamsm  seems  to  be 
that  some  ue  slid  down  the  gap  prev imisly  men 
tioned  between  the  shoreline  anil  the  ue  tovt'i 
to  the  vie  imty  ot  the  ant  hor  A4W 
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W hen  the  Roger  Itlough  startl'd  to  move  down 
tti(<  ship  ti.uk  made  In  the  mm h narrower 
Mackinaw  it  may  have  caused  tlu*  ice  sheet  at 
the  limini  to  rotate  counterclockwise  in  |)lan 
view  about  this  reiently  lammed  ue  I he  in 
truding  k e would  at  t like  a him  k stm  k between 
the  hinges  ot  a door  that  makes  it  rather  easy  to 
push  on  the  door  and  break  the  hinges  large 
tones  « on  Id  he  developed  with  little  u e move 
ment  I his  mei  hamsm  is  another  tai  toi  in  tavor 
ot  keeping  the  ue  sheet  against  shore 

Tension  link  check 

I he  loads  measured  by  I l\V  during  the  two 
breaks  m the  C tV\  am  hot  line  (one  in  ll>7r»  7t< 
and  one  in  t‘>7t>  77)  were  lower  than  the  ex 
pe»  ted  i a(i.u  ity  ot  the  line  l)e*t  ause  ot  this  the 
data  and  the  tension  link  yyere  i aretully  in 
spec  ted  1 here  was  no  induation  that  the  tt>n 
sum  link  and  measurement  system  had  i hanged 
then  i li.ir.u  tenstu  s 


CONCLUSIONS 

t 1 he  west  u e booms  showed  a substantial 
improvement  in  redin  mg  harbor  ue  losses  over 
those  ot  the  previous  year  I he  ue  behind  the 
east  boom  was  stable  both  winters 

7 I he  failure  process  in  the  west  ue  boom 
was  initiated  by  lateral  movement  in  the  solid 
ui‘  i over  upstream  whuh  resulted  in  loading 
the  l <VY  anchor  i aide  to  tailiue  at  t‘t  MX)  I hi 
1 1 7|>  kNI 

t I he  failure  ot  the  oval  link  at  t't  t»tX>  list 
(\H,ti  kN)  is  puzzling  because  « able  l IVV  had 
been  loaded  to  at  least  ri  t IXX)  list  (7  hi  kN)  the 
previous  year  Not  enough  information  is 
available  to  say  why  the1  link  broke 

4 I tie  am  hor  i ham  at  A4V\  was  probably  the 
set  ond  item  to  tail  It  was  i ertamly  the  most  ini 
(lortant  t.ulure  and  the  breaking  tone  is 
unknown  although  it  may  have  been  as  low  as 
I r>0  (XX)  Iht  (titi7  kNI  I he  boom  i able  that  is  at 
t.u  lied  to  it  has  a nominal  breaking  strength  ot 
7 (0 (XX)  Iht  (I  07  t kNI  and  this  value  i an  he  t on 
sulered  as  an  upper  limit  tor  this  tone  It  is 
thought  that  (he  rebounding  boom  « able  i aused 
the  < onnei  turn  plate  that  was  broken  to  be  torn 
from  its  timber  at  this  time 

5 I he  ( IV\  am  hor  line  was  probably  the 
third  item  to  tail  but  be<  ause  the  line  was  not  in 
vtrumented  the  ton  e at  the  tune  ot  t.ulure  is  not 
known 


ti  I he  breaking  ton  es  generated  in  the1  boom 
stnu  tun*  were  the  result  mainly  ot  natural 
tones  acting  on  a very  huge  ice  cover  that  was 
frozen  to  the*  floating  elements  1 he*  lore  e*  levels 
lor  various  parts  ot  the*  structure  may  be* 
calculated  reasonably  sse'll  by  trcMting  it  as  a 
statically  indeterminate*  struc  tore  I or  this  strut 
tun*,  the  tort  es  calculated  in  this  manner  were 
substantially  chttere'iit  trom  the*  e'.irlier  taltula 
lions  yyliit  ll  yse'ie  based  upon  unconsolidated  or 
Iragmenti'il  ice*  cover  loading 

7 An  1‘valuation  ot  the  measured  lore  e*s 
shows  that  tile  west  ice*  boom  receives  some* 
l.ite'ral  tone's  as  it  it  we*re>  a shore'line  Also 
wlie'ii  tile*  it  e*  c ove'i  is  broke'ii  or  (tartly  broke'li.  it 
c an  inteiac  t lietwe'c'il  the  sliote*  and  the*  boom,  oi 
the*  boom  1 1 s.its.  to  make  the*  l 7YV  anchor  rope* 
ineftec  live,  ic*  ( I W must  carry  the*  load  ot 
C7W  as  we'll  as  its  own 

ft  I lie*  on*  carrie'r  Roger  Hlough  contributed 
to  the*  load  on  the  boom  at  the  time  ot  t.ulure 
but  its  lull  ettec  t cannot  be  ev.ilu.tte'd 

*>  I be  warming  trend  probably  exaggerated  a 
weakened  condition  between  the*  lee*  coxe'i  and 
shore'line*  and  let  the*  e over  hii'.ik  loose*  I lie*  How 
force's  iineie'i  the  lie  eeixt'r  and  tile*  ice  boom 
tones  lonited  a lone  couple  that  made  the*  ice* 
swing  out  assay  trom  shore*  once*  it  had  biokem 
tre'e* 

It)  I In*  st  Marys  Kive'r  ic  e booms  use*  a muc  h 
greater  c|uantity  ot  stud  link  anchor  e ham  and 
related  shackles  and  links  than  any  othei  ice 
boom  struc  tines  knossn 


RECOMMENDATIONS 

I Simplify  the*  am  hor  line*  asse*mblie*s.  use*  no 
more  components  than  are  necessary  and  use* 
them  in  the*  be'st  possible*  way  lor  instance,  it  a 
win*  rope*  is  tci  be*  c onnee  ted  to  an  anchor  and  a 
sliac  kle*  is  re>e|uired.  use*  an  ant  hor  shut  kit*,  not  a 
t ham  shat  kle.  on  the*  ant  hoi  point  and  a c losed 
titling  not  an  open  fitting  on  the*  win*  rope*  Asa 
general  rule*,  vs  in*  tope's  should  be*  used  lor  the* 
am  hor  lines  and  boom  line's 

7 l lie'c  k the  (lri'si'nt  anchor  points  tor  l IVV 
and  ( IVY  to  determine  it  the*  strength  ot  both 
am  hot  ropes  t an  be*  me  leased 

) ( he'i  k parts  e aretully  tor  wt*akt*mng  due  to 
wt'.inng  tatigue  or  sharp  indentations  Kt'plntt* 
all  broken  parts  and  i omponents  ot  cpies 
tionable  stri'iigth  betore  re'installmg  the'in 
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4 Investigate  installing  a structure  ot  some 
sort  that  would  prevent  the  large  southwest  ice 
lover  from  rotating  out  into  midstream  Another 
"rock  pile"  located  due  south  of  the  present  one. 
about  UH>  tt  (91  m)  south  of  course  I . might  do  A 
second  one.  roughly  halt  way  between  there  and 
the  west  ice  boom  at  the  edge  ot  the  navigation 
improvement,  would  also  help 

5 Add  two  new  sections,  complete  with  in 
dependent  anchors  and  cable  structure,  to  the 
west  ice  boom,  this  would  help  to  reduce  the 
load  concentration  on  the  boom  It  the  structure 
in  item  4 is  installed,  however,  these  would  prob 
ably  not  be  needl'd 

b lastly,  and  most  importantly,  it  the  ice 
booms  will  be  used  continuously  during  the 
winter  after  the  winter  ot  1477-78,  redesign  them 
using  the  know  ledge  gained  to  date  Originally, 
they  were  a prototype  structure  intended  only 
tor  temporary  use  Several  parts  ot  the  structure 
should  be  changed  to  make  them  more  reliable 
and  easier  to  install,  remove,  and  maintain  The 
ice  restraint  capacity  ot  the  timbers  should  also 
be  improved 
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APPENDIX  A.  FORCE  LEVEL  FLUCTUATIONS  IN  WEST  ICE 
BOOM,  20  IANUARY  1977. 


Anchor  limp  hKcf 


/me 

|hfl 

llhtl 

iCNI 

Notes  on  forces 

l IW 

I40S 

s too 

74 

Small  step  im  lease  about  140b  hinns 

l 1 pinion 

141)7 

S 41X1 

74 

link 

1SSS 

S 700 

7S 

1 IW1 

1SS8 

8 mo 

78 

Small  in*  lease 

INX>  ♦ 

11  NX) 

178 

1 Rapid  increase  to  breaking  load 

1N)7 

0 

0 

Propped  to  zero  and  remained  there 

ciw 

U)W 

S 400 

74 

Start  of  slight  sanation 

1 1 pmion 

10W 

S NX) 

7S 

High  point 

link 

1100 

S 41X1 

74 

I2W) 

1400 

S.11X) 

71 

1S40 

S NXI 

7S 

Center  of  sec  ond  slight  variation 

1*100 

s.100 

71 

.MSI 

S XX) 

74 

Start  ot  rapid  inc  reasp 

TIlSl 

S7.000 

71! 

II  Peak  load  followed  b\  rapid  decrease 

70S4 

7.  XX) 

17 

Maximum  following  peak 

7107 

<1  400 

78 

III  brief  force  drop  of  about  t.bOO  Ibf  (7b  kN) 

7118 

77,700 

171 

Maximum  subsequent  level 

7170 

8,41X1 

78 

Pec  lease 

777 hi 

8 400 

11 

Gradual  rise 

Mi(1ni||hl 

7.  XXI 

17 

Stable  level 
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